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ADVANCE RESTRICTED REPORT

YEREURMANCE OF FUEL “B- CONTAINING AROMATICS
>.

II - ISOPRO~_,, .BENZENE, AND ~-XYIiENE

By,J. Robert B“ranstetterand Cerl L. Meyer

Knock-limited small-scale-engine tests were made of isopropyl-
benzene, benzene, and ~-xjlene blende,dindividually in various con-
centrations with selected base fuels. Data were obtained for the
aromatics to determine: (a) the blending sensitivity, (b) the lead
susceptibility,and (c) the sensitivity Of the blends to inlet-air
temperature. Published full-scale-cylinderdata for the smmatics
are presented for comparative purposes.

Of the three aromatics tested, isophopylbenzenewas, in general,
m~re effective than benze”neas an antiknock agent whereas Q-xylene
acted as a proknock agent under nearly all conditions tested.

INT%ODUCTTON

An investigation to detenaine the antiknock effectiveness of
additions of pure aromatic hydrocarbons to aircraft-engine fuels is
bei~ conducted by the NACA. A detail~d description.of this program
may be found in reference 1.

\
The over-all objectives of the hock-limited engine tests con-

sist in detemninin~ (a) the blending sensitivity of the arolhat3cs
in the base reference fuels, (b) the lead susceptibility of the
aromatic blends, (c) the sensitivity to inlet-air temperature of the
aromatic blends, and (d) the correlation of full-scale and @nall-
scale results.

The full-8cti-cylinder data
blends containing 75 percent of a
15 peroent M-4) and 25 percent of

and the F-3 and F-4 ratings of
base fuel (65 percent S-3 plus
eachof the following aromatics
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are presented in reference 2: lj3,5-trimethylbenzene (mesitylene),
m-.diethylbenzene,p-xylene, l-ethyl-4-methylbenzene,tert-butylbenzeney
7 —..
lsopropylbenzene (cumene), toluene, ethylbenzene, sec-butylbenzene,
benzene, 1,2,4-trimethylbenzene (pseudocumene),an~~-xylene; the
final blends contained 4 ml TEL per gallon.

. ...’
.i ..,..:

The F-4 performance “ofble@@. co?i+aining10, 25, and 50 percent
toluene, ethylbenzene, and’~-xylene..in’theS-3 plus M-4 base fuel,
together with t&e “17.6engine h’ock-li~ited performance of blends
containing 10 and 20 percent of each of these three aromatics in
.S-3reference fuel and ~he l?-3ratings ““ofa portion of the afore-
mentioned blends, are presented in referg,n’ce1’.””

The present ,report(a continuation.~: reference 1) is part II of
a series.,of.’five“reportsand contains da%a on isopropylbenzene,ben-
zene, and o-xylene.. ~ese aromatics were yurified by T. W. Reynolds
under the supervision’of Dr. L. C. Gibbons. The tests were conducted
at the ~TACACleveland laboratory from March through May 1944.

APPARATUS AND TEST PROCEDURE! “~,...
:;’.,...,”.-.

For the F-4-engine tests,
,.,.,

blends we,repre?kir:~,:.:co.titaining
10, 25,,,an~.,b~perc~nt by voliyne.ofaromatics in a,base,fuel con-
sistiiig’;of.85~perc@t “S-3p.lu3 15,percen$.M-4;’the final blends
contained”4qnl TEL””’p,ergalloh: For’the 1.7.6engine tests, each
aromatic was ~blendedwith S-3 reference fuel in concentrations .,
of 10 and ,20percent by volume arida portion of each blend was leaded
to 4 ml TEL per gallon. In addition, the 25-percent blends in the ‘‘“ :
S-3 plus”M-4 base fuel were tested in the 17.6 engine, the
F-3 er~ine, and the full-scale cylind&. ?henever the quantity
permitted the blends were tested in the F-3 en@.ne. The phystcal
constants of isopropylbenzene’,benzene, and o-xylene after purifi-
cation are preser.tedin the following table ~nd serve to indicate
the purity of the engine samples: “’
. .-.—.— .-—..—-- . . .- . .,---------- — - ----- .,-.—-= - .. ... . d _:—_ .- —------- . .. —..-

~ FreezinglBoiling!Ind”ex.of‘]Density at ‘
Aromatic point point ~:”~fr:~tion~ zoo c

(%)
—..-. . .-.-......_L1 ;:!4 J_...‘~ i(@’ares/@)

Isopropylbenzer,e+
.—-...... .......—-—

.-!36.16 . ; 1.4s13 ! 0.8619

I
Benzene

L’

5.49 i 80.’~‘“”1,5012 ~ ,“.8790
..

:’.”” i’.
Q-Xylene -25;34,.,,,.,,_. .—--—..— -.-,.,..-_-- .–.-_i.:44.4!L5~W‘f.8799.-—...—---.—. ..— -. —.—-.—-.—.,,

,“”
,.,....”,...’ .,,.,..,. .,.;’.,.

,.,’,,~
.... . ...,.,...!..., .>
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Operation of the research F-4 engine (not a package unit) con-
fozmed to CFKldesignation T-4-443 except for the use of two inde-
““p”endentfuel Systems and the detection of knock by a cathode-ray
oscilloscope in con~unction with a magnetostriction pickup unit.
Because”of these alterations the curves of knock-ltiited indicated
meaeffective pressure against fuel-air rtitiodeviate from the
F-4 background ,cqrves;rich”ratings in the research en@ne, however,
are in line’”withthose of a standard F-4 engine.. (Hereinafter the
research F-4,engine will te”referred’to as an F-4 engine.).,,

The 17.6 engine was operated with thefollowing conditions
maintained constant: ,...

,Enginespeed,rpm. . . . . .. . . . . . . . . . . . . . . 1800
Compression ratio . . . . . . . . . . . . . . . . . . . . . . 7.0
Outlet-coolant temperature”;OF . . . . . . . . . . . . . . . 212
Inlet-air temperature, % . . ... . . . . . . . . . . . . 100, 250
Spark advance, degB.TiC. . . . . . . . . . . . . . . . . ...30
Injection timing, deg A,T.C,on intake Stroke . . . . . . . . . 60

The
with the
place of

The
cylinder
Research

F-3 engine operation confo~ed to CRC designation F-3-544
exception of a barometricallycontrolled dry-air source in
a dehydrating ice tower.

conditions under which tests in the R-1820 G200 sin@e
were made were tentatively recommended by
Council and are given in reference 2.

DISCUSSION OF RESULTS “

Table I is an index of the figures showing in
of discussing the results presented herein..

I’igure1 (reproduced from fig. 7 of reference
res~ts for the 85 percent S-3 plus 15 percefit”M-4

the Coord~nating

detail the order

1) presents F-4
base fuel with

4niL !N3Lper gallon. Shifts in the knock-limited power level that
accompanied engine operation had little if any effect on the
F-4 rating of the base fuel. This fact was determined by several
chock tests made during the course of the pro@uu.

The F-4 results’for blends’of 10, 25, and 50 percent aromatics
,,inthe S-3 plus M-4 base fuel &e shown in figures 2, 3, and 4 for
isopropyl%enzene,benzene, and ~-iylene, respectively. When the
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concentration of isopropylbenzeneand benzene was increased, the
rich.-mixtureresponse increased.. For the .50-percentconcentration
of isopropylbenzene (fig. 2(c))~ the curve of knock-limited indicated
mean .effectivepressure became almost vertical at a fuel-air ratio
of stout O.lCO. This trend was observed with”the 50-percent Mends
in reference 1. At the hj.ghpowers it,was often impracticable to
bracket the rich-mixture results in terms of S-3 plus tetraethyl
lead. ,

Plots of the variation of knock-limited imep ratio—
{ imep of aromat~c blend
I,imepratio”= )imep of base fuel with aromatic concentration

for the blends te.ste~in the F-4 engine are presented in figures 5,
6, and 7. At a fuel-air ratio of 0.100 the rate of increase of
knock-limited imep ratio increased as the aromatic concentration
increased from 25 to 50 percent. The rate of increase for iso-
propyllenzene was much greater than for either benzene or ~-xyleno.

The.F-4 and the F-3”ratings of the various blends are recorded
in table II in terms of percentage S-3 in M-4, S-3 plus tetraethyl
lead, or octane number. All ratings are also converted to accepted
Army-Navy performance numbers.

The 17.6 engine knock-limited performance of blends of the
aromatics in the S-3 and the S-3 plus M-4 base fuel are presented
in figures 8 to 16: isopropylbenzene (figs..8, 9, and 10), benzene
(figs. 11, 12, ar.d13), and o-xylene (figs, 14, 15, and 16). For
each aromatic, the data are ~iven in the following order: unleaded
blends in S-3, leaded blends in S-3, and leaded blends in S-3 plus
M-4; inlet-air temperatures of 250° F and 100° F were used. Each
plot presents data obtained during the period of i day.

Figure 8(a) shows the knock-limited performance of unleaded
blends containing isopropylbenzeneat an inlet-air temperature of
250° F. The knock-limited indicated mean effedtive pressure of
the 20-percent blend is believed to be approximately 7 to 8 pounds
per square inch low at a fuel-air ratio of 0.075 and 2 to 3 pounds
per square inch low at a fuel-air ratio of 0.110 (as judged from a
plot of imep against air flow). Because of an engine failure during
this test and an engine overhaul immediately thereafter, no direct
comparison can be made between the absolute values of the data of
this figure and those of the following figures.
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At an inlet-air temperature of 250° F with the unleaded
blends (figs. 8(a), n(a), and 14(a)), the knock-limited indicated
mean.effective-pres6ure of S-3 was.not increased through the addi-
tion of the aromatics at fuel-air ratios in,the neighborhood of
0.065 and.0.070 lut was increased at higher fuel-air ratios through
the addition of isoproyylbenzeneand benzene. When the inlet-air
temperature was decreased to 100° F (figs. 8(b), H(b), and 14(b)),
the knock-limited power of S-3 was increased at all fud-air ratios
through the addition of these two aromatics. Additions of Q-xylene
decreased the knock-limited power of S-3 at fuel-air ratios leaner
than O.110 at the higher inlet-air temperature and at fuel-air
ratios leaner than 0.090 at the lower inlet-air temperature.

With the leaded llends at an inlet-air temperature of 250° F
(figs. 9(a), 12(a), and 15(a)), additions of isopropylbenzene
increased the hock-limited power of the base fuel even at lean
mixtures. Benzene blends did not show this apparent susceptibility
to tetraethyl lead, but additions of benzene did increase the knock-
Mmited power of the base fuel at fuel-air ratios richer than
0.0675. When the inlet-air temperature was decreased to 100° F
(figs. 9(b), 12(b), and 15(b)), additions of isopropylbenzene and
benzene increased the knock-limited power of the base fuel at all
fuel-air ratios to an extent which would indicate that blends con-
taining these two aromatics have a lead susceptibility greater than
that of S-3. Greater percentage decreases in knock-limited power
at both inlet-air temperatures were observed for the leaded than
for the unleaded ~-xylene blends, which indicates that the lead
response of ~-xylene blends was less than that of S-3.

Figures 10, 13, and 16 present the knock-ltiited performance
of the 25-percent leaded blends of aromatics in the S-3 plUS M-4
base fuel at inlet-air temperatures of 250° and 100° F. Addi-
tions of isopropylhenzeneand benzene increased the knock-limited
power of the base fuel at all fuel-air ratios and at both inlet-air
temperatuzzes;~-xylene acted as a proknock agent at all fuel-air
ratios.

In unleaded or leaded blends, isopropylbenzenewas generally
more effective than benzene in increasing the bock-limited indi-
cated mean effective pressures of the base fuels. The re5ponse of
&-xylene was exceptional in that it acted as a proknock agent under
nearly all conditions tested.

—
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, moths of
are Tresented
“raatics”inS-3

lmock-limitid imep
“infi~es 17, 18,
tested in the 17.6
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ratio against aromatic concentration
and 19 for the blends of the aro-
engine. These data Ghow the

comparative effect of the addition ~f aromatics at fuel-air ratios
of 0.070, 0.085, and 0.100 as well as the effect of inlet-air
tem~erature and tetraethyl lead.

A summarization 0$ the knock-limited data for the 17.6 engine,
the full-scale cylinder (reference Z), and the F-4 engine is presented
in table III. In order to calculate the imep rat$os presented
therein, it was necessary to determine the daily performance of the
base fuel. Because the S-3 plus M-4 base fuel was not tested each
day on the F-4 engine, an assumed daily knock-limited performance
curve for this fuel was estimated from the daily performance of the
F-4

few
for

reference fuels”and from the data of figure 1.

The temperature sensitivities are summarized in table IV. With
exceptions the sensitivity to inlet-air temperature is greater
the aromatic blends than for the base fuels.

The lead susceptibilities of the blends containing isopropyl-
benzene and benzene (see table V) were, in nearly all cases, greater
than that of S-3. The response of ~-xylene blends to the addition
of tetraethyl lead was very Toor.

SUMMARYOF RESULTS

From knock-limited tests of fuel blends containing iso?ropyl-
lenzene, benzene, and ~-xylene, the following results’were obtained:

1. Iscpropylbenzene was, in general, more effective than
lenzene in increasing the knock-limited power of the base fuels.
~-Xylene acted.as a proknock agent under nearly all of the conditions
tested.

2. Isopropylbenzene end benzene increased the lead suscepti-
bility of S-3 reference fuel} but,the addition of lead to ~-xylene
blends resulted in power improvements that were smaller than those
observed for S-3.

3. The knock-limited performance of the aromatic blends was
generally more susceptible to chan~es in inlet-air temperature than
was either S-3 reference fuel or a blend of S-3 and M-4.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,

.Cleveland,Ohio.

...
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TABLE I. - INDEX OF FIGURES

9

Inlet-
Percentage Tetra- air

Figure Aromatic aromatic Base fuel ethyl temper-
in blend lead ature

(ml[gal) (°F)

F-4 engine (knock-limitedimep against fuel-air ratio)

1 ----.----------- 0 85$ S-3 + 15$ M-4 4 225

2(a) 10
(b) Isopropylbenzene 25 05$ s-3 + 15$ M-4 4 225
(c) 50

3(a) 10
(b) Benzene 25 85$ S-3 + 15$ M-4 4 225
(c) 50

4(a) 10
(b) ~-Xylene 25 85$ S-3 + 15$ M-4 4 225
(c) 50

F-4 engine (knock-limitedimep ratio against aromatic ~Oncen~ratiOn)
5 Isopropylbenzene0,10,25,5085$ s-3 + 15$ M-4 4 225

6 Benzene 0,10,25,50 85$ s-3 + 15$ M-4 4 225

7 ~-Xylene 0,10,25,5085$ S-3 + 15$ M-4 4 225

17.6 engine (knock-limited Imep against f’uel-ai.r ratio)

8(a)
Isopropylbenzens

0,10,20 s-3 250
(b) 0,20 0 100

9(a)
Isopropylbenzene 0,10,20 s-3 4 250

(b) 0,20 100

10 Isopropylbenzene 0,25 a5g s-3 + 15$ M-4 4 250

n(a) Benzene
0,10,20

s-3
250

(b) 0,20 0 100

12(a) Benzene
0,10,20

s-3
250

(b) 0,20 4 100

13(a)
Benzene

0,25
85$ S-3 + 15$ M-4

250
(b) 0,25 4 100

14(a) 0,10,20 250
(b) “~-Xylene 0,20 s-3 o 100

15(a) 0,10,20 250
(b) ~-Xylene 0,20 s-3 4 100

16(a) 0,25 250
(b) g-Xylene 0,25 85$ S-3 + 15$ M-4 4 100

17.6 engine (knock-limitedime~ ratio against aromatic concentration)

17 Isopropylbenzene 0,10,20 s-3 0,4 250,100

18 Benzene 0,10,20 s-3 0,4 250,100

19 ~-Xylene 0,10,20 s-3 0,4 250,1.00
NATIONAL ADVISORY

COMMITTEE FOR AERONAUTICS
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4 ml ‘lZL per gallon In an F-4 engine. (Reproduced from fig. 7 of reference 1.)
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